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High transparency silica-titania glass beads are characterized by a linear transmittance of at least 70% 
as measured at a wavelength of 900 nm to 600 nm by a specific measurement method. Such beads are 
prepared by hydrolyzing and polycondensing a silicon alkoxide and a titanium alkoxide to form a 
silica-titania sol, converting the sol into a dry gel, and then grinding the gel followed by heating or 
heating the gel followed by grinding. A light transmission epoxy resin composition comprising a curable 
epoxy resin, a curing agent, and the high transparency silica-titania glass beads has crack resistance 
and high transparency in cured state. It is useful in encapsulating optical semiconductor devices. 
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EP 0 441 622 A1 

HIGH TRANSPARENCY SILICA-TITAN I A GLASS BEADS, METHOD FOR MAKING THEM, AND 

EPOXY RESIN COMPOSITIONS 



This invention relates to high transparency silica-titania glass beads, preferably for use as fillers in molding 
compounds for encapsulating photofunctionai devices such as LED, and a method for preparing the same. It 
also relates a light transmission epoxy resin composition containing the glass beads which cures into products 
haying high transparency and a low coefficient of iinear expansion and is thus suitable for semiconductor encap- 
5 sulation. 

At present, photofunctionai devices such as LED, LD, CCD, photodiodes, and photocouplers are generally 
encapsulated with ceramic packages and transparent plastics. One promising material for encapsulating these 
devices is an epoxy molding compound in the form of a filled epoxy resin. 

The fillers to be used with epoxy resins are required to have not only a high light transmittance, but also a 

10 high refractive index approximately equal to that of epoxy resins for deterring any loss of transmittance due to 
light scattering. By blending fillers having high transmittance and high refractive index in transparent epoxy 
resins, there can be obtained epoxy molding compounds which are fully transparent Nevertheless, such fillers 
fulfilling both high transmittance and high refractive index have never been available in the art. There is a need 
for the development of such fillers. 

15 For the protection of sophisticated electronic parts such as semiconductor devices, they were generally 

encapsulated with epoxy resins. The epoxy resins for this application should have excellent properties including 
low shrinkage, low expansion, heat resistance, and moisture resistance. In encapsulating semiconductor 
devices with epoxy resins, low shrinkage and low expansion are important in preventing resin cracking and 
element breakage. Typical prior art attempt for improving the shrinkage and expansion of epoxy resins is by 

20 blending inorganic fillers therein. 

In encapsulating optical semiconductor devices such as light emitting and receiving elements with trans- 
parent epoxy resins, however, no fillers are blended in the epoxy resins so as not to detract from their trans- 
parency. Filler-free epoxy resins have a high shrinkage factor and a high coefficient of expansion when cured. 
Then the problems of resin cracking and element breakage arise, particularly when large-size light emitting ele- 

25 ments are encapsulated. It was proposed to blend special fillers In epoxy resins to form transparent epoxy resin 
compositions. The prior art epoxy resin compositions suffered from the problem that attempts to prevent resin 
cracking and element breakage can reduce the transparency of epoxy resins, thus adversely affecting the opti- 
cal function of elements whereas attempts to maintain transparency are not effective for preventing resin crack- 
ing and element breakage. There is a need for an epoxy resin composition capable of meeting both 

30 transparency and low stress. 

In turn, it is well known in the art to prepare titania-silica (TiOrSiOj)) glass by hydrolyzing and polycon- 
densing a silicon alkoxide and a titanium alkoxide in an organic solvent to form a Ti02-Si0 2 sol, and causing 
the sol to gel, followed by drying and sintering. This method is generally known as sol-gel method. The Ti0 2 -Si0 2 
glass prepared by the sol-gel method is characterized by a high refractive index and a low coefficient of thermal 

35 expansion and free of impurities such as alkali metals, alkaline earth metals and chloride ions, and these feat- 
ures suggest potential application in a variety of uses. 

However, the prior art sol-gel methods were not successful in preparing Ti0 2 -Si0 2 glass beads having a 
high content of Ti0 2 and high transparency in the visible to near infrared range.lndeed, no attempts were made 
in the prior art for increasing the transparency of Ti0 2 -Si0 2 beads. 

40 In JP-A-27643/1 988 the present inventors proposed a method for preparing a Ti0 2 -Si0 2 glass which shows 

no absorption in the wavelength range of from 400 nm to 1300 nm, is colorless and transparent, and has a 
high Ti0 2 content and a refractive index (n D ) of 1.53 or higher. Although this Ti0 2 -Si0 2 glass is colorless and 
transparent in outside appearance, beads obtained by grinding the glass have undesirably low light transmit- 
tance values when measured for linear transmittance by a measurement method to be defined later. The beads 

45 are thus less suitable for use as a filler in molding compounds for encapsulating photofunctionai devices. 

One problem addressed herein is to provide new silica-titania glass beads which preferably are high in both 
light transmittance and refractive index and thus suitable for use as a filler in molding compounds for encap- 
sulating photofunctionai devices. Another aspect is to provide methods for preparing such silica-titania glass 
beads. 

so Another problem is to provide new light transmitting epoxy resin compositions, preferably which cure to 

low stressed products having a low shrinkage factor and a low coefficient of expansion. A still further aspect 
is to provide an optical semiconductor device encapsulated with such a cured epoxy resin composition. 

The inventors have found that by causing a silica-titania sol resulting from hydrolysis and polycondensation 
of a silicon alkoxide and a titanium alkoxide to gel, drying the gel, grinding the dry gel to a predetermined particle 
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size, and then heating the ground gel at a temperature of 1 ,050 to 1 ,250°C into a sintered giass, they can obtain 
silica-titania glass particles or beads which are more transparent than the conventional ones as demonstrated 
by a linear transmittance of at least 70% at a wavelength in the range of from 900 nm to 600 nm f provided that 
the linear transmittance is measured across a light path length of 1 mm by a specific linear transmittance 
measurement method A which is defined below. 
Method A involves the steps of : 

mixing a bisphenol type epoxy resin of the general formula (1) shown below or a novolak type epoxy resin 
of the general formula (2) shown below with phenylglycidyl ether to form a solution having a difference in ref- 
ractive index from the silica-titania glass beads within ±0.002, 

mixing the solution with the silica-titania glass beads which have been ground to a mean particle diameter 
of 5 to 30 urn in a weight ratio of 1 :1 , and 

measuring the linear transmittance of the mixture across a light path length of 1 mm. 

Formula (1) : 




CH 3 



Formula (2) : 




In formulae (1) and (2), n is an integer of from 0 to 10. 

In conventional sol-gel methods, silica-titania glass beads are generally prepared by hydrolyzing a silicon 
alkoxide and a titanium alkoxide, causing the silica-titania sol to gel, aging, drying, and heating the gel to form 
a silica-titania glass, and thereafter grinding the glass. The products of these methods lose transparency when 
ground, even if they are transparent in glass state. 

The inventors have found that by changing the order of steps, that is, by first grinding the dry gel prior to 
heating into sintered glass and then heating the ground gel at an optimum temperature of 1,050 to 1,250°C, 
quite unexpectedly, there are obtained silica-titania glass beads which are higher in light transmission than con- 
ventional ones. More particularly, the resulting silica-titania glass beads have high light transmittance in the 
visible to near infrared spectrum and allow for a choice of refractive index to be equal to that of epoxy resins 
by varying the content of Ti0 2 . The beads are thus best suited for use as a filler in molding compounds for encap- 
sulating photofu notional devices. 

Following is the reason why silica-titania glass beads having markedly improved light transmittance are 
obtained by the method of the present invention in which grinding of dry gel is followed by formation of sintered 
glass, as opposed to the conventional method in which formation of sintered glass is followed by grinding. The 
silica-titania glass beads obtained by grinding sintered glass have cracks and strains induced on their surface 
and in their interior by impacts upon grinding. When light is incident on such cracked or stressed beads, light 
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scattering occurs due to differential refraction at the defects, resulting in a low transmittance. In contrast, the 
method involving first grinding a dry gel and then heating the ground gel into sintered glass state according to 

5 the present invention can produce silica-titania glass beads which are substantially free of defects because 
the dry gel is more brittle than the sintered glass and thus undergoes less stresses upon grinding and because 
the heating after grinding can mitigate the stresses. As a result, the beads show high light transmittance values. 

The inventors have also found that a light transmission epoxy resin composition which cures to low stressed 
products having a low shrinkage factor and a low coefficient of expansion is obtainable by blending silica-titania 

10 glass beads in a curable epoxy resin composition comprising a curable epoxy resin and a curing agent, the 
beads having a linear transmittance of at least 70% as measured at a wavelength in the range of from 900 nm 
to 600 nm by linear transmittance measurement method A. 

In addition to high light transmittance, silica-titania glass beads have a controllable refractive index such 
that the difference in refractive index between the beads and the epoxy resin may be 0.01 or less. When the 

is silica-titania glass beads are blended in epoxy resins, there may be obtained light transmission epoxy resin 
compositions which not only have high transparency in cured state, more specifically a light transmittance of 
at least 80% at a wavelength of 750 nm in 0.5 mm thickness, but also are low in shrinkage and expansion so 
that when used for the encapsulation of semiconductor devices, they are effective for avoiding resin cracking 
and element breakage. 

20 Furthermore, the inventors have found that by causing a silica-titania sol resulting from hydrolysis and po- 

ly-condensation of a silicon alkoxide and a titanium alkoxide to gel, drying the gel, heating the dry gel at a tem- 
perature of 1,050 to 1,150°C into a sintered glass, and then grinding the sintered glass, there are obtained 
silica-titania glass particles or beads which have high light transmittance in the visible to near infrared spectrum 
and allow for a choice of refractive index to be equal to that of epoxy resins by increasing the content of Ti0 2 

25 to increase the refractive index. 

In the conventional sintering process, the dry silica-titania gel is heated at a temperature of lower than 
1 ,000°C into sintered glass. Now, by increasing the sintering temperature to 1 ,050 to 1 ,150°C, the sintered ma- 
terial can be fully consolidated while maintaining high light transmission. The fully consolidated glass can be 
ground into silica-titania glass beads without generating cracks or voids therein. Thus there does not occur scat- 

30 tering due to differential refraction at such cracks or voids in the silica-titania glass beads. Therefore, the ground 
silica-titania glass beads show high light transmission. 

Therefore, in a first aspect, the present invention provides high transparency silica-titania glass beads hav- 
ing a linear transmittance of at least 70% as measured at a wavelength in the range of from 900 nm to 600 nm 
across a light path length of 1 mm by the above-defined measurement method A. 

35 According to a second aspect of the present invention, there is also provided a method for preparing high 

transparency silica-titania glass beads, comprising the steps of : hydrolyzing and polycondensing a silicon 
alkoxide and a titanium alkoxide to form a silica-titania sol, causing the silica-titania sol to gel, drying the gel, 
grinding the dry gel to a predetermined particle size, and thereafter heating the ground gel at a temperature of 
1,050 to 1,250°C into a sintered glass. 

40 According to a third aspect of the present invention, there is provided a method for preparing high trans- 

parency silica-titania glass beads, comprising the steps of : hydrolyzing and polycondensing a silicon alkoxide 
and a titanium alkoxide to form a silica-titania sol, causing the silica-titania sol to gel, drying the gel, heating 
the dry gel at a temperature of 1 ,050 to 1 , 1 50°C into a sintered glass, and thereafter grinding the sintered glass. 
According to a fourth aspect of the present invention, there is provided a light transmission epoxy resin 

45 composition comprising (A) a curable epoxy resin, (B) a curing agent and (C) silica-titania glass beads having 
a linear transmittance of at least 70% as measured at a wavelength in the range of from 900 nm to 600 nm by 
method A. Also provided is an optical semiconductor device encapsulated with the light transmission epoxy 
resin composition in cured state. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a spectrum diagram showing the light transmittance of the silica-titania glass beads obtained in 
Examples 1-2 and Comparative Examples 1-2. 

FIG. 2 is a spectrum diagram showing the light transmittance of the silica-titania glass beads obtained in 
55 Example 3 and Comparative Example 3. 

PREFERRED FEATURES 

The first method for preparing high transparency silica-titania glass beads according to the present inven- 
tion involves the steps of : hydrolyzing and polycondensing a silicon alkoxide and a titanium alkoxide to form 
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a silica-titania sol, causing the silica-titan ia sol to gel, drying the gel, grinding the dry gel to a predetermined 
particle size, and thereafter heating the ground gel at a temperature of 1,050 to 1,250°C into a sintered glass. 

5 The first method desirably follows the method described in our Japanese Patent Application No. 

272643/1988 in ensuring that silica-titania glass beads having high transparency are produced without coloring. 

More particularly, the source materials used herein are silicon alkoxides such as Si (OCH 3 ) 4 and Si 
(OC 2 H 5 ) 4 and titanium alkoxides such as Ti (OC 3 H 7 ) 4 and Ti (OC 4 H 9 ) 4 . The silicon and titanium alkoxides are 
preferably mixed such that Ti0 2 may range from 1 0 to 1 8 mol% of the total of Si0 2 and Ti0 2 in the final product. 

10 Silica-titania glass beads with a Ti0 2 content of less than 1 0 mol% will sometimes have a refractive index below 
the minimum level of 1.53 acceptable as the epoxy resin filler. Silica-titania glass beads with a Ti0 2 content of 
more than 18 mol% will often have a too high refractive index to find a matching transparent epoxy resin. 

The sol or gel is obtained from these source materials by dissolving the silicon and titanium alkoxides in 
a diluting solvent in the form of an alcohol, often a lower alcohol such as methanol, ethanol, and propanol at 

15 a sol-forming concentration of about 1 to about 90%. Water is added to the solution in a hydrolytic amount to 
forni a silica-titania sol through hydrolysis. The sol is then poured into a gelling vessel which is closed. The 
vessel is placed stationarily in a constant temperature dryer where the sol is converted into gel. The temperature 
during this gelation and subsequent aging should preferably be 60°C or higher because hydrolysis of alkoxides 
cannot proceed to completion below 60°C, leaving the likelihood of generating trivaient Ti ions which can cause 

20 coloring during subsequent sintering step. Since the aging is intended for completing the hydrolysis, the aging 
time is preferably at least one hour, more preferably at least 5 hours. 

The wet gel resulting from gelation and aging is then dried by any desired method, for example, by removing 
the lid from the gelling vessel and keeping the vessel open along with the gel contents in the constant tem- 
perature dryer until the gel is dry. 

25 In the first method, the dry gel is ground prior to sintering. That is, the dry gel is ground to a predetermined 

particle size rather than being directly sintered. Grinding may be carried out by conventional methods using 
bail mills or the like. The particle size may be suitably chosen depending on a particular application of the result- 
ing beads. For use as the filler for photo-functional device encapsulating epoxy compounds, the average par- 
ticle size preferably ranges from 1 to 100 urn, more preferably from 5 to 30 urn. 

30 The finely divided dry ge! is then heated or fired into sintered glass. The first method uses a sintering tem- 
perature in the range of from 1 ,050°C to 1 ,250°C. At temperatures of lower than 1 ,050°C, the silica-titania glass 
beads are not fully uniformly consolidated so that they show low transmittance values because when light is 
directed to the beads for measuring the transmittance thereof, the light is scattered within the interior of the 
beads due to differential refraction at cracks or interstices in the beads. If the sintering temperature exceeds 

35 1,250°C, the anatase phase, which is one of crystal phases of Ti0 2 , appears, preventing the formation of sili- 
ca-titania glass beads having high light transmission. 

Insofar as the sintering temperature falls within the above-defined range, the remaining parameters of the 
sintering step are not particularly limited. Preferably, electric furnaces or similar firing furnaces which can main- 
tain a constant temperature are used while oxygen gas or a mixture of oxygen and air is introduced into the 

40 furnace to establish an oxidizing atmosphere therein effective for preventing the generation of Ti ions which 
will otherwise cause coloring. The furnace is typically heated at a rate of 10 to 500°C/hour until the predeter- 
mined temperature is reached. The heating or sintering time is usually 10 to 300 minutes in the above-defined 
temperature range. 

In this way, there are obtained silica-titania glass beads having significantly high transparency, more speci- 
45 fically a linear transmittance of at least 70% as measured at a wavelength in the range of from 900 nm to 600 
nm by linear transmittance measurement method A defined above. The silica-titania glass beads of the inven- 
tion may be blended with transparent epoxy resins to form molding compounds which have high transparency, 
more specifically a light transmittance of at least 70% in 1 mm thickness. 

The second method for preparing high transparency silica-titania glass beads according to the present 
so invention involves the steps of : hydrolyzing and poly-condensing a silicon alkoxide and a titanium alkoxide to 
form a silica-titania sol, causing the silica-titania sol to gel and age, drying the gel, heating the dry gel at a tem- 
perature of 1,050 to 1,150°C into a sintered glass, and thereafter grinding the sintered glass. The steps taken 
until the dry gel is obtained are the same as in the first method. 

That is, the second method involves heating the dry gel at a temperature of 1 ,050 to 1 ,150°C into a sintered 
55 glass prior to grinding of the sintered glass. At temperatures of lower than 1,050°C, the gel Is not converted 
into a fully uniformly consolidated glass so that the silica-titania glass beads obtained by grinding the glass will 
show very low transmittance values because when light is directed to the beads for measuring the transmittance 
thereof, the light is scattered within the bead interior due to differential refraction at interstices or cracks in the 
beads. If the sintering temperature exceeds 1,150°C, foaming can occur in the glass being sintered, and at 
extremely high temperatures, the anatase phase, one of crystal phases of TiO z , appears, both failing to form 
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siiica-titania glass beads having high light transmission. 

The sintering procedure and the subsequent grinding step are the same as in the first method. 
5 The methods as described above provide for the preparation of siiica-titania glass beads which have high 

iight transmittance and high refractive index and are thus suitable as fillers in molding compounds, especially 
epoxy molding compounds for encapsulating photofunctional devices. 

Next, the light transmission epoxy resin composition filled with the glass beads mentioned above is des- 
cribed. 

10 The light transmission epoxy resin composition of the invention is defined as comprising a curable epoxy 

resin composition of (A) a curable epoxy resin and (B) a curing agent and having (C) specific siiica-titania glass 
beads blended therein. 

The curable epoxy resin composition is based on (A) a curable epoxy resin having at least two epoxy groups 
per molecule and has blended therein (B) a curing agent and an optional additive or additives. Preferably, the 
15 resin composition should have transparency as demonstrated by a light transmittance of at least 50%, most 
preferably at least 70% at 750 nm as measured across a cured article 1 mm thick. The epoxy resin, curing agent, 
and additives are not particularly limited insofar as the curable epoxy resin composition provides such trans- 
parency. 

The epoxy resin is not particularly limited in molecular structure and molecular weight as long as it can be 
20 cured with the curing agents to be described later. Any of conventional well-known epoxy resins may be used. 
Illustrative examples include epoxy resins synthesized from epichlorohydrin and bisphenols including various 
novolak resins, cycloaliphatic epoxy resins, and epoxy resins having halogen atoms such as chlorine and 
bromine atoms incorporated therein, alone or in admixture of two or more. 

Such transparent curable epoxy resins are commercially available as Epikote 828, Epikote 1001, and Epi- 
25 kote 1055K (trade name, Yuka Shell Epoxy K.K.) and RE 310S and RE 304S (trade name, Nihon Kayaku K.K.) 
which are all bisphenol type epoxy resins. 

In addition to the epoxy resins having at least two epoxy groups per molecule, any monoepoxy compounds 
may be used if desired. Examples of the monoepoxy compound include styrene oxide, cyclohexene oxide, pro- 
pylene oxide, methylglycidyl ether, ethylglycidyl ether, phenyiglycidyl ether, allylglycidyl ether, octylene oxide, 
30 and dodecene oxide. 

The curing agents for epoxy resins include amine curing agents such as diaminodiphenylmethane, diami- 
nodiphenyl-sulfone, and meta-phenylenediamine ; acid anhydride curing agents such as phthalic anhydride, 
pyromellitic anhydride, and benzophenonetetracarboxylic anhydride ; and phenol novolak curing agents having 
at least two hydroxy! groups per molecule such as phenol novolak and cresol novolak. Most preferred among 
35 these are aromatic ring-free anhydride curing agents, for example, hexahydrophthalic anhydride and tetrahyd- 
rophthalic anhydride. 

Various curing promoters may be additionally blended for promoting reaction between the curing agents 
and the epoxy resins. Such promoters include imidazoles and derivatives thereof, tertiary amine derivatives, 
phosphine derivatives, and cycloamidine derivatives. 
40 The curing agents and curing promoters may be added in effective amounts as commonly used in the prior 

art epoxy resin compositions. Preferably, the curing agent is blended in amounts of 10 to 200 parts by weight, 
more preferably 50 to 1 50 parts by weight per 100 parts by weight of the epoxy resin, and the curing promoter 
is blended in amounts of 0 to 30 parts by weight, more preferably 1 to 5 parts by weight per 100 parts by weight 
of the epoxy resin. 

45 A light transmission epoxy resin composition of the invention is obtainable by blending the curable epoxy 

resin composition mentioned above with high transparency siiica-titania glass beads having a linear transmit- 
tance of at least 70%, preferably at least 80% as measured at a wavelength in the range of from 900 nm to 
600 nm by the above-defined method A. 

In order to minimize the light scattering in a blend with a curable epoxy resin, the siiica-titania glass beads 
so are desirably controlled such that the difference in refractive index between the beads and the epoxy resin may 
be within ±0.01, more preferably within ±0.005, most preferably within ±0.002. 

It is also useful previously to treat the siiica-titania glass beads on their surface with carbon functional 
silanes. 

The siiica-titania glass beads are preferably blended in amounts of 10 to 600 parts, more preferably 50 to 
55 300 parts by weight per 1 00 parts by weight of the curable epoxy resin composition. Less than 10 parts of the 
beads will be less effective for providing a low shrinkage factor and low expansion whereas more than 600 parts 
of the beads will yield a too viscous composition. 

A light transparent epoxy resin embodying the invention may be made by uniformly milling the curable 
epoxy resin composition with a suitable amount of the siiica-titania glass beads in mixing means such as, for 
example, mixers, kneaders, roll mills, and extruders. As long as transparency is not lost, various low stress 
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agents, mold release agents, visible light shielding agents, anti-oxidants, flame retardants, and carbon func- 
tional silanes may be blended in suitable amounts, if desired. The order of blending the components is not par- 

5 ticularly limited. Where the curable epoxy resin composition is partially or entirely solid, it is advantageously 
heated and melted along with all or some of the remaining components prior to mixing. Alternatively, it is dis- 
solved in a solvent, uniformly mixed with the remaining components, and then stripped of the solvent 

Light transmitting epoxy resin compositions can be made which are unique in that they have both trans- 
parency and low stress, and particularly useful in encapsulating optical semiconductor devices. They may be 

10 applied to optical semiconductor devices such as LED by conventional molding methods, for example, transfer 
molding, injection molding, and casting. They are generally molded at a temperature of from 120 to 180°C, and 
post cured at a temperature of from 120 to 180°C for 2 to 12 hours. 

By virtue of the inclusion of well transparent silica-titania glass particles, the light transmitting epoxy resin 
compositions of the invention provide cured articles characterized by high transparency, a low shrinkage factor, 

15 a low coefficient of thermal expansion, and low stress. The compositions are very useful in encapsulating optical 
semiconductor devices. The optical semiconductor devices encapsulated with the compositions can exert their 
optical Hinction to a full extent and are reliable. 

EXAMPLE 

20 

Examples of the present invention are given below by way of illustration and not by way of limitation. 
Example 1 

25 To a solution of 2083.3 grams of ethyl orthosilicate (available from Tama Kagaku Kogyo K.K.) and 672.6 

grams of ethanol (guaranteed reagent, available from Wako Junyaku K.K.) at 30°C was added 180 ml of 0.2 
N hydrochloric acid solution with subsequent stirring for one hour. To the solution was gradually added 505.7 
grams of titanium tetraisopropoxide (experimental reagent, available from Wako Junyaku K.K.) with subsequent 
stirring for another one hour. Then 668.1 grams of pure water was added with subsequent stirring for 1 0 minutes. 

30 The resulting Ti0 2 -Si0 2 sol was poured into a polypropylene container which was dosed and kept at 90°C. 
The sol turned into gel in about 30 minutes. With the container sealed at 90°C, the gel was aged for 12 hours. 
Then, the container was opened and placed in a dryer at 70°C for 4 days, obtaining a dry gel. 

A 250-gram portion of the dry gel was ground for one hour in an alumina ball mill having a volume of 2 
liters. The ground gel was placed in a box-shaped electric furnace which was heated to 1 ,100°C over 13 hours 

35 while supplying dry air at 1.4 nvVhour and maintained at 1,100°C for 30 minutes. There were obtained beads 
of sintered Ti0 2 -Si0 2 glass having a mean particle diameter of 23.9 [im. 

This sintered Ti0 2 -Si0 2 glass had a refractive index (n D ) of 1.561 as measured by the immersion method. 

Example 2 

40 

Another 250-gram portion of the dry gel obtained in Example 1 was ground for four hours in a 2-liter alumina 
ball mill. The ground gel was placed in a box-shaped electric furnace which was heated to 1,100°C over 13 
hours while supplying dry air at 1.4 m 3 /hour and maintained at 1,100°C for 30 minutes. There were obtained 
beads of sintered Ti0 2 -Si0 2 glass having a mean particle diameter of 10.8 urn. 

45 

Comparative Example 1 

A 250-gram portion of the dry gel obtained in Example 1 was ground for one hour in a 2-liter alumina ball 
mill. The ground gel was placed in a box-shaped electric furnace which was heated to 1,000°C over 13 hours 
so while supplying dry air at 1 .4 m 3 /hour and maintained at 1 ,000°C for 30 minutes. There were obtained beads 
of sintered Ti0 2 -Si0 2 glass having a mean particle diameter of 20.7 urn. 

Comparative Example 2 

55 A 250-gram portion of the dry gel obtained in Example 1 was ground for one hour in a 2-liter alumina ball 

mill. The ground gel was placed in a box-shaped electric furnace which was heated to 1,300°C over 13 hours 
while supplying dry air at 1.4 m 3 /hour and maintained at 1,300°C for 30 minutes. There were obtained beads 
of sintered Ti0 2 -Si0 2 glass having a mean particle diameter of 24.3 urn. 

The Ti0 2 -Si0 2 glass beads of Examples 1 and 2 and Comparative Examples 1-3 were measured for light 
transmittance with the results shown in Table 1 . The light transmission spectra of the beads are plotted in FIG. 
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1. 

The mean particle size, refractive index, and light transmittance were measured by the following proced- 
5 ures. 

Measurement of particle size distribution 

Using an aqueous solution containing 0.2% by weight of sodium hexametaphosphate as a dispersion 
10 medium for a sample, the particle size distribution was measured by means of a centrifugal settling machine, 
Model SA-CP3L (manufactured by Shimazu Mfg. K.K.). 

Measurement of refractive index 

15 An Abbe refractometer, Model 3T (manufactured by Atago K.K.) was used. 

Measurement of light transmittance 

Epikote 828 (epoxy resin available from Yuka Shell Epoxy K.K.) and phenylglycidyl ether were mixed in a 
20 controlled proportion to form a mixture having a refractive index (n 25 D = 1.5612) which differed within ±0.002 
from the refractive index of the silica-titania glass beads as calculated from the Ti0 2 content. The solution was 
mixed with the silica-titania glass beads having a mean particle diameter of 5 to 30 um in a weight ratio of 1 :1 . 
After the beads were fully dispersed, the mixture was deaerated in vacuum until no bubbles were visually obser- 
ved. A cell having a light path length of 1 mm was charged with the mixture which was measured for transmission 
25 spectrum over a wavelength range of from 900 nm to 400 nm by means of a spectrometer. The reference used 
was a blank. 
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It is evident from Table 1 that the beads obtained by first grinding the dry gel and then firing into sintered 
glass, but at temperatures outside the scope of the invention (Comparative Examples 1 and 2) were opaque. 
5 In contrast, the beads obtained by first grinding the dry gel and then firing into sintered glass at temperatures 

within the range between 1,050°C and 1,250°C (Examples 1 and 2) had a light transmittance of higher than 
70%. 

Example 3 

10 

To a solution of 2083.3 grams of ethyl orthosilicate (available from Tama Kagaku Kogyo K.K.) and 672.6 
grams of ethanol (guaranteed reagent, available from Wako Junyaku K.K.) at 30°C was added 180 ml of 0.2 
N hydrochloric acid solution with subsequent stirring for one hour. To the solution was gradually added 505.7 
grams of titanium tetraisopropoxide (experimental reagent, availablefrom Wako Junyaku K.K.) with subsequent 

15 stirring for another one hour. Then 668. 1 grams of pure water was added with subsequent stirring for 1 0 mi nutes. 
The resulting TiO r Si0 2 sol was poured into a polypropylene container which was closed and kept at 90°C. 
The sol turned into gel in about 30 minutes. With the container sealed at 90°C, the gel was aged for 1 2 hours. 
Then, the container was opened and placed in a dryer at 70°C for 4 days, obtaining a dry gel. 

The dry gel was placed in a box-shaped electric furnace which was heated to 1 ,100°C over 1 3 hours while 

20 supplying dry air at 1.4 m 3 /hour and maintained at 1,100°C for 30 minutes. There was obtained 740 grams of 
colorless transparent sintered Ti0 2 -Si0 2 glass. This glass had a refractive index (n D ) of 1.561 as measured by 
the immersion method. 

A 250-gram portion of the sintered Ti0 2 -Si0 2 glass was ground for two hours in an alumina ball mill having 
a volume of 2 liters. There were obtained beads of sintered Ti0 2 Si0 2 glass having a mean particle diameter 
25 of19.0u.rn. 

Comparative Example 3 

The dry gel obtained in Example 3 was placed in a box-shaped electric furnace which was heated to 
30 1,000°C over 13 hours while supplying dry air at 1 .4 m 3 /hour and maintained at 1,000°C for 30 minutes. There 
was obtained 740 grams of colorless transparent sintered Ti0 2 -Si0 2 glass. 

This sintered glass was ground as in Example 3, obtaining beads of sintered siiica-titania glass having a 
mean particle diameter of 18.7 u.m. 

35 Comparative Example 4 

The dry gel obtained in Example 3 was placed in a box-shaped electric furnace which was heated to 
1,200°C over 13 hours while supplying dry air at 1 .4 m 3 /hour and maintained at 1,200°C for 30 minutes. The 
thus sintered glass was a foamed mass. 
40 The Ti0 2 -Si0 2 glass beads of Example 3 and Comparative Example 3 were measured for light transmit- 

tance with the results shown in Table 2. The light transmission spectra of the beads are plotted in FIG. 2. The 
mean particle size, refractive index, and light transmittance were measured by the same procedures as in 
Example 1. 

45 Table 2 

Average particle size, pm 
^ Sintering temp- , °C 

Transmittance, % 
at 850 nm 
750 nm 

55 

650 run 

Examples 4-5 and Comparative Examples 5-6 

Light transmitting epoxy resin compositions were prepared by blending 1 7.5 parts by weight of Epikote 828, 

10 



E3 CE3 
19.0 18.7 
1100 1000 



36.6 27.6 
30.1 22.0 
24.6 16.8 
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50.3 parts by weight of Epikote 1001 (both trade names of bisphenol A type epoxy resins, manufactured by 
Yuka Shell Epoxy K.K.), 32.2 parts by weight of hexahydrophthalic anhydride (trade name Rikacid HH, man- 
ufactured by Shin-Nihon Rika K.K.), 0.5 parts by weight of y-(glycidylpropy!)-Wmethoxysilane, and the silica-ti- 
tania glass beads obtained in Example 1 in the amount shown in Table 3, melt mixing them at 70°C for 30 
minutes, adding 0.5 parts by weight of 2-phenylimidazole to the mixture, and mixing the mixture at 70°C for a 
further 10 minutes. Another light transmitting epoxy resin compositions was similarly prepared except that the 
silica-titania glass beads were omitted. 

These compositions were measured for glass tra nsition temperature, coefficient of linear expansion, crack 
resistance, and light transmittance by the following procedures. The results are shown in Table 3. 

Coefficient of linear expansion and glass transition temperature (Tg) 

The resin compositions were molded into rod specimens having a diameter of 4 mm and a length of 15 
mm which were heated at a rate of 5°C/min. by means of a dilatometer. 

Crack resistance 

Silicon chips of 9.0 x 4.5 x 0.5 mm were bonded to 14PIN-IC frames of 42 alloy. The resin compositions 
were molded on the silicon chips at 150°C for 5 minutes, post cured at 150°C for 4 hours, and subjected to 
thermal cycling between -40°C (30 min.) and 150°C (30 min.). Resin crack occurrence after 500 cycles was 
observed on ten samples for each composition. 

Light transmittance 

The resin compositions were molded into pieces of 1 mm thick which were measured for light transmittance 
at 700 nm. 



T^ble 3 

CE5 E4 E5 CE6 

Silica-titania glass 

beads, parts by weight 

Example 1 0 50 100 0 

Comparison 0 0 0 50 

Test results 

Tg, °C 127 130 132 131 

u, 10- 5 /°C 6.5 4,6 3.1 4.7 

Crack occurrence, % 100 20 0 30 

Transmittance, % 88 81 73 19 

The silica-titainia glass beads labeled "Comparison" in Table 3 were prepared as follows. 

The dry gel obtained in Example 1 was placed in a box-shaped electric furnace which was heated to 
1 ,000°C over 1 3 hours while supplying dry air at 1 .4 m 3 /hour and maintained at 1 , 000°C for 30 minutes. There 
was obtained 740 grams of colorless transparent sintered Ti0 2 -SiO 2 glass. 

This sintered glass was ground as in Example 1 , obtaining beads of sintered silica-titania glass having the 
following parameters. 
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Mean particle size, pm 18.7 
5 Transmittance, % 

at 850 ran 27 . 6 

750 nm 22.0 

10 650 nm 16.8 

As is evident from Table 3, the cured article of the curable epoxy resin composition free of silica-titan ia 
glass beads (Comparative Example 5) had a high coefficient of linear expansion and was thus least resistant 
against cracking.The cured article of the composition having blended therein silica-titania glass beads with a 

15 light transmittance of lower than 30% (Comparative Example 6) had a lower coefficient of linear expansion and 
hence, somewhat improved crack resistance, but with a ioss of light transmittance. In contrast, the cured ones 
of the light transmission epoxy resin compositions having blended therein silica-titania glass beads with a light 
transmittance of higher than 70% (Examples 4 and 5) had a lower coefficient of linear expansion and improved 
crack resistance, without a substantial loss of transparency even when the beads are added in large amounts. 

20 While there have been described herein what are considered to be good embodiments of the present inven- 

tion, other modifications will be apparent to those skilled in the art from the teachings herein. 



Claims 

25 

1. High transparency silica-titania glass beads having a linear transmittance of at least 70% as measured at 
a wavelength in the range of from 900 nm to 600 nm by a linear transmittance measurement method, said 
method comprising 

mixing a bisphenol type epoxy resin of the general formula (1) shown below or a novolak type epoxy 
30 resin of the general formula (2) shown below with phenylglycidyl ether to form a solution having a difference 

in refractive index from the silica-titania glass beads within ±0.002, 

mixing the solution with the silica-titania glass beads which have been ground to a mean particle 
diameter of 5 to 30 urn in a weight ratio of 1 :1, and 

measuring the linear transmittance of the mixture across a light path length of 1 mm, 
35 wherein formula (1) is 



40 



45 



50 




where n is an integer of from 0 to 10, and 
formula (2) is 
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OCHzCHClU r OCH*CHCH« 





where n is an integer of from 0 to 10. 

A method for preparing high transparency silica-titan ia giass beads, comprising the steps of : 

hydrolyzing and polycondensing a silicon alkoxide and a titanium alkoxide to form a silica-titania sol, 
causing the silica-titania sol to gel, 
drying the gel, 

grinding the dry gel to a predetermined particle size, and 

thereafter heating the ground gel at a temperature of 1 ,050 to 1 ,250°C into a sintered glass. 

A method for preparing high transparency silica-titania glass beads, comprising the steps of : 

hydrolyzing and polycondensing a silicon alkoxide and a titanium alkoxide to form a silica-titania sol, 
causing the silica-titania sol to gel, 
drying the gel, 

heating the dry gel at a temperature of 1,050 to 1 ,150°C into a sintered glass, and 
thereafter grinding the sintered glass. 

A light transmission epoxy resin composition comprising 

(A) a curable epoxy resin, 

(B) a curing agent, and 

(C) silica-titania glass beads having a linear 

transmittance of at least 70% as measured at a wavelength in the range of from 900 nm to 600 nm by a 
linear transmittance measurement method, 
said method comprising 

mixing a bisphenol type epoxy resin of the general formula (1) shown below ora novolaktype epoxy 
resin of the general formula (2) shown below with phenylglycidyl ether to form a solution having a difference 
in refractive index from the silica-titania glass beads within ±0.002, 

mixing the solution with the silica-titania glass beads which have been ground to a mean particle 
diameter of 5 to 30 nm in a weight ratio of 1 :1 , and 

measuring the linear transmittance of the mixture across a light path length of 1 mm, 

wherein formula (1) is 



0 

/ \ 

CH: 2 CHCH 2 0 



CH 
I 



OH 



CH: 



CH: 



c 
I 

CH: 



0- 

/ \ 

OCHsCHCH; 



(1) 



where n is an integer of from 0 to 10, and 
formula (2) is 
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OCHiCHCHz c OCH s CHCH 2 N 



OCHzCHCH* 






- (2) 



where n is an integer of from 0 to 10. 

The composition of claim 4 wherein 10 to 600 parts by weight of the silica-titania glass beads is present 
per 100 parts by weight of the total of components (A) and (B). 

An optical semiconductor device encapsulated with a cured one of a light transmission epoxy resin compo- 
sition as set forth in claim 4. 
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